24 25 26 DNA methylation in the promoters of plant genes sometimes leads to 27 transcriptional repression, and the wholesale removal of DNA methylation as seen 28 in methyltransferase mutants results in drastic changes in gene expression and 29 severe developmental defects. However, many cases of naturally-occurring DNA 30 methylation variations have been reported, whereby the altered expression of 31 differentially methylated genes is responsible for agronomically important traits.
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is stably lost, in contrast to regions where DNA methylation is re-established by de novo 138 methylation pathways. These loci are ideal targets of epimutagenesis, as the co-139 existence of all three types of methylation is more frequently correlated with 140 transcriptional repression of genes than CG methylation alone. This, coupled with the 141 long-term stability of hypomethylation, may facilitate inherited transcriptional changes. Table 7 ). To determine how many of these regions are susceptible to 151 losing non-CG methylation if CG methylation is first depleted, we created a frequency 152 distribution of mCHG and mCHH levels in wild-type and epimutagenized individuals ( Fig.   153 1h and i). 2,341 and 3,447 regions lost more than 10% CHG methylation in 35S:TET1-1 154 and 35S:TET1-2, respectively, whereas 2,475 and 3,379 regions lost more than 5% susceptible to losses of CG and non-CG methylation in lines expressing hTET1cd share 157 a substantial overlap with regions that lose non-CG methylation in met1 158 ( Supplementary Fig. 1g and h) . 1,708 (73.0%) and 2,386 (69.2%) regions that have 159 lost more than 10% mCHG in 35S:TET1-1 and 35S:TET1-2 have reduced levels in 160 met1, whereas 2,013 (81.6%) and 2,563 (75.9%) regions that have lost more than 5% 161 mCHH in 35S:TET1-1 and 35S:TET1-2 have reduced levels in met1. As crop genomes 162 have a greater number of loci targeted for silencing by CG, CHG and CHH methylation 163 when compared to A. thaliana, ectopic expression of hTET1cd is likely a viable approach 164 for the creation epiRILs 18 .
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Tet1-mediated variation of CHG methylation
167
Mutations in met1 also result in hypermethylation of CHG sites in gene bodies due to the 168 loss of methylation in the 7 th intron of the histone 3 lysine 9 (H3K9) demethylase, 19, 20, 21, 22 . This results in alternative 170 splicing of IBM1, ultimately producing a non-functional gene product (IBM1-S), which 171 results in ectopic accumulation of di-methylation of H3K9 (H3K9me2) throughout the 172 genome 23 . As in met1, the 7 th intron of IBM1 was hypomethylated in 35S:TET1-1,
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35S:TET1-2, and an additional two lines, 35S:TET1-2 T5 and 35S:TET1-2 T6 , which were 174 propagated for an additional two and three generations, respectively ( Fig. 2a) . The 175 increased abundance of IBM1-S and the reduction of functional IBM1 (IBM1-L) transcript 176 was confirmed by RT-qPCR in line 35S:TET1-2 T6 (Supplementary Fig. 2a ) leading to 177 CHG hypermethylation at gbM loci ( Fig. 2b) . Further quantitative analysis revealed 178 extensive variation in genome-wide gains and losses of CHG methylation in these two 179 lines, approximately 1.8 Mb and 2.3 Mb of additional CHG methylation, respectively ( Fig.   180 2c, Supplementary Fig. 2b and c) . To test the impact of a reduction in functional IBM1 on H3K9me2, we performed chromatin immunoprecipitation (ChIP) against H3K9me2 in 182 35S:TET1-2 T6 , which revealed a subtle increase in H3K9me2 in gbM loci that possessed 183 CHG hypermethylation ( Fig. 3d ).
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To further characterize regions of differential CHG methylation, identified CHG 185 DMRs in line 35S:TET1-2 T5 were categorized into discrete groups based on their DNA 186 methylation status in wild-type individuals. Of the 9,917 CHG DMRs identified, 1,460 187 were in loci that are defined as gbM in wild-type individuals, 584 were in unmethylated 188 regions, and 6,940 of them were in RdDM-like regions ( Fig. 2e-g 
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Lastly, there were 503 (86.1%) loci that are unmethylated in wild-type individuals that 193 gain CHG methylation as well as CG and CHH methylation in the epimutagenized lines 194 ( Fig. 2e-g) . These results reveal that methods for epimutagenesis can result in both 195 losses and gains in DNA methylation genome-wide.
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To characterize the effect of hTET1cd-induced methylome changes on gene 197 expression, we performed RNA-sequencing (RNA-seq) on leaf tissue of wild-type, Fig. 2d ). An even greater overlap was observed with 206 down-regulated genes in met1, as 60.1% and 65.2% overlapped with down-regulated genes in 35S:TET1-1 and 35S:TET1-2, respectively ( Supplementary Fig. 2e ). These 208 results reveal that hTET1cd expression in A. thaliana is a viable approach for accessing 209 hidden sources of allelic variation by inducing expression variation.
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Tet1 expression leads to a delay in the floral transition
212
In the transgenic plants that were used for WGBS, we observed a delay in the 213 developmental transition from vegetative to reproductive growth ( Fig. 3a and b) . We 214 hypothesized that the observed late-flowering phenotype was associated with the 215 demethylation of the FWA (FLOWERING WAGENINGEN) locus, as is observed in met1 216 mutants 24, 25 . A closer inspection of the DNA methylation status of this locus revealed 217 that DNA methylation was completely abolished, as was methylation at adjacent CHG 218 and CHH sites ( Fig. 3c) . As in met1, the loss of methylation at the FWA locus was 219 associated with an increase in FWA expression ( Fig. 3d) , which is known to cause a 
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To determine if increased expression of hTET1cd would increase the likelihood 244 of germline transmittance of demethylation to transgene-free progeny, transgenic A. 245 thaliana plants were generated expressing a previously described superfolder GFP Fig 3a) . T1 populations transformed with ACT2:sfGFP-hTET1cd 251 exhibited a 27-fold increase in later flowering compared to 35S:hTET1cd, indicating high 252 activity of the sfGFP-TET1cd fusion protein in A. thaliana (Fig. 5a) . To assess the 253 variation between lines, we performed WGBS on four independent ACT2:TET1 T1 lines 254 ( Supplementary Fig. 4a-c) . Differential levels of global CG demethylation were 255 observed in these four lines, further confirming that plants subjected to epimutagenesis 256 can possess different degrees of demethylation. Subsequent DMR analysis revealed 257 68,260 CG DMRs, 9,235 CHG DMRs and 2,793 CHH DMRs between these lines, a 258 drastic increase in DMRs compared to those within siblings ( Fig. 4g ).
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To further assess the inheritance of the demethylation pattern as a result of 260 epimutagenesis, we selected T2 progeny of a late flowering ACT2:TET1-1 T1 individual 261 containing and lacking the transgene. Individuals retaining and lacking the transgene 262 due to allelic segregation both exhibited a late-flowering phenotype, ectopic expression 263 and loss of DNA methylation of FWA (Supplementary Fig 3b and c) . WGBS on these 264 two individuals revealed a reduction in CG methylation that was maintained and stably 265 inherited irrespective of transgene presence, confirming the high activity of 266 demethylation in ACT2:TET1 lines compared to 35S:TET1 lines ( Fig. 5b-f 
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The discovery that expression of the catalytic domain of the human TET1 protein in A.
277
thaliana leads to widespread loss of CG methylation and enables the creation 278 epimutants without the need for methyltransferase mutants, which often causes lethality 279 in crops. In addition to epimutagenesis, hTET1cd could be used in combination with 280 sequence-specific DNA binding proteins such as dCas9 to direct DNA demethylation in 281 plant genomes, as has been demonstrated in mammalian systems 29, 30, 31, 32, 33 . The 
